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A B S T R A C T
UV-A radiations are known to induce cellular oxidative stress, leading to premature skin aging. Consumption of
açai fruit (Euterpe oleracea Martius) is known to have many health beneﬁts due to its high level of antioxidants.
Herein, we analyzed the ability of phenolic compounds extracted from this fruit to attenuate UV-A-induced
oxidative stress in immortalized ﬁbroblast.
A methanol/water açai extract was fractionated by HPLC and each fraction tested for anti-oxidant stress
activity. Immortalized ﬁbroblasts were pre-incubated with açai fractions and then exposed to UV-A radiations.
Açai extract was found to be able to strongly protect cells from oxidative stress. In particular, reactive oxygen
species (ROS) production, GSH depletion, lipid peroxidation and no increase in the phosphorylation levels of
proteins involved in the oxidative stress pathway was observed in cells pre-incubated with the extract and then
irradiated by UV-A. Mass spectrometry analyses of HPLC fractionated extract led us to the identiﬁcation of
malvidin and cyanidin derivatives as the most active molecules able to counteract the negative eﬀects induced
by UV-A irradiation.
Our results indicate, for the ﬁrst time, that açai fruit is a valuable natural source for malvidin and cyanidin to
be used as anti-stress molecules and represent good candidates for dietary intervention in the prevention of age
related skin damage.
1. Background
In the last few years, an increasing attention has focused on age-
related diseases, including skin aging. Oxidative stress caused by aging
is considered a general initiating factor of neurodegeneration and
carcinogenesis [1]. Indeed, it is known that the skin is constantly
exposed to oxidative stress induced by reactive oxygen species (ROS),
generated by endogenous (i.e. enzyme activities) or exogenous sources
[2,3].
UV radiation from sunlight is one of the most important health-
related environmental factors because of its hazardous eﬀects, which
include generation of skin cancer, suppression of the immune system,
and premature skin aging [2]. In particular, UV-A (400–315 nm)
radiations are weakly absorbed by DNA, but rather excite endogenous
chromophores, leading to DNA damage. This occurs through the
production of reactive singlet oxygen that speciﬁcally reacts with
guanine within the DNA molecule [4,5]. UV-A radiations may also
promote the formation of hydroxyl radicals via the photosensitized
production of superoxide anions. Because of their high reactivity and
low speciﬁcity, hydroxyl radicals likely induce a wide range of DNA
damage [6]. Fibroblasts, cells of the dermis, are continuously exposed
to UV-A radiations, which are able to penetrate deeply in the skin. The
cellular antioxidant defense system is composed of endogenously
produced antioxidant molecules, but the intrinsic mechanism for
antioxidant defense is gradually impaired with aging, resulting in an
inability to deal with ROS generation [7]. A continuous and regular
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intake of vitamins, trace metals, polyunsaturated fatty acids, and
polyphenols from food sources contributes to counteract oxidative
stress [8,9] and in preventing or retarding age-related diseases
[10–12]. As an example, we recently report the beneﬁcial eﬀects of
tomato extracts in counteracting oxidative stress in diﬀerent cell lines
[13,14]. Therefore, a continuous search for natural extracts highly rich
in antioxidant molecules is needed to identify and provide novel natural
drugs against aging-associated diseases.
Açai (Euterpe oleracea Martius) tree is a large palm found in the
Amazon ﬂood plain. The fruit of this palm is a small purple-black berry
which reaches about 10 mm in diameter and is usually consumed in all
states of Brazil since it is rich in α-tocopherol, ﬁbers, lipids, polyphenols
(including anthocyanins), and mineral ions [15,16]. The high poly-
phenol content, mostly composed of anthocyanins and ﬂavones, is
thought to confer to açai fruit several health-promoting eﬀects, includ-
ing anti-inﬂammatory, immunomodulatory, antinociceptive, and anti-
oxidant properties [17–25]. In particular, açai extracts were shown to
increase plasma antioxidant capacity [21], to decrease oxidative stress
in endothelial cells [26], to attenuate tumor growth in mice aﬀected by
esophageal cancer [27] and to lower the level of blood cholesterol in
animal models for hypercholesterolemia [28].
A positive role of açai in modulating ROS production and activating
antioxidant genes expression in rat liver was also reported [29] and,
more recently, Peixoto and colleagues demonstrated the beneﬁcial
eﬀect of açai extract in counteracting oxidative stress and aging in C.
elegans [18].
Although several reports on the spectrum of health beneﬁts of açai
have been reported, only few studies are available so far on the
identiﬁcation of the antioxidant molecules responsible for the reported
beneﬁcial eﬀects on human health.
Here, a methanol/water extract from Euterpe oleracea fruits was
analyzed for its antioxidant activity on ﬁbroblasts exposed to UV-A-
induced insults. A combined approach of bioassays and mass spectro-
metry analyses led to the identiﬁcation of açai bioactive compounds.
2. Methods
2.1. Açai Extracts
Methanolic extracts from açai fruit were obtained as reported by
Rigano et al. [30], starting from commercially available dried powder
(2 g, Tuialimentos, Brasil). The mixture was dried in a rotovapor (R-
210, Buchi), and dissolved in 5% dimethyl sulfoxide (DMSO) in PBS
(1 mL).
2.2. Antioxidant Compounds Determination and Antioxidant Activity
Analysis
Total phenols content was determined in the whole açai extract
according to the method of Singleton et al. [31] modiﬁed as reported by
Rigano et al. [30]. Brieﬂy, an equal volume of Folin-Ciocalteu's phenol
reagent and two volumes of ddH2O were added to the hydrophilic
extract. After 6 min, Na2CO3 was added (7% ﬁnal concentration). After
90 min the absorbance was read at 760 nm. A standard curve was
obtained by using gallic acid in the range 0–70 μg/mL. The total
phenolic content was expressed as mg of gallic acid equivalents
(GAE)/100 g dry weight (DW) of açai. Three independent analyses
Table 1
Total phenolic acids, total ﬂavonoids and hydrophilic antioxidant activity in açai
extract.
Açai antioxidant determination Value
Total phenols (mg/100 g DW) 192.41 ± 10.78
Total ﬂavonoid (mg/100 g DW) 159.67 ± 7.65
HAA (mmol TE/100 g DW) 2.1 ± 0.17
Fig. 1. Eﬀect of açai extracts on the viability of BALB/3T3 ﬁbroblasts. Dose-response
curve of BALB/3T3 cells after 48 h incubation with increasing concentrations of açai
extracts. Cell viability was assessed by the MTT assay and expressed as described in
Materials and Methods section. Values are given as means ± S.D. (n≥ 3).
Fig. 2. ROS production, GSH oxidation and lipid peroxidation in BALB/3T3 cells irradiated by UV-A in the presence of açai extracts. Cells were pre-incubated in the presence of 10 mg/mL
açai extract (grey bars) for 2 h and then irradiated by UV-A (100 J/cm2). A, intracellular ROS levels were determined by DCFDA assay; B, intracellular GSH levels determined by DTNB
assay; C, lipid peroxidation levels determined by TBARS assay. Values are expressed as fold increase with respect to control (i.e. untreated) cells. Data shown are the means± S.D. of three
independent experiments. * indicates p < 0.01; ** indicates p < 0.001.
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were carried out.
Total ﬂavonoids were estimated by the aluminum chloride colori-
metric assay reported by Marinova et al. [32] with modiﬁcations
reported by Raiola et al. [33]. Brieﬂy, NaNO2 (5%) was added to
methanolic extract and, after 5 min incubation, AlCl3 (10% w/v) was
added. After 6 min, NaOH (1 M) was added and the absorbance
measured at 510 nm. A standard curve was obtained by using quercetin
in the range 0–100 μg/mL. Total ﬂavonoids content was expressed as
mg quercetin equivalents (QE)/100 g DW. Three independent analyses
were carried out.
HAA was evaluated in the water-soluble fraction using the protocol
described by Miller et al. [34] with modiﬁcations reported by Del
Giudice et al. [35]. Brieﬂy, methanolic extracts were allowed to react
with an ABTS•+ solution for 2.5 min, and then the absorbance was
measured at 734 nm using a spectrophotometer. A standard curve,
obtained by using Trolox, was linear between 0 and 20 μM Trolox.
Values were expressed as mmol TE/kg DW of açai. Three separate
analyses were carried out with each sample.
2.3. Cell Culture and MTT Assay
BALB/3T3 ﬁbroblasts (clone A31, from ATCC) were cultured in
Dulbecco's Modiﬁed Eagle's Medium (Sigma-Aldrich, St Louis, Mo,
USA), supplemented with 10% foetal bovine serum (HyClone), 2 mM
L-glutamine and antibiotics, all from Sigma-Aldrich, in a 5% CO2
humidiﬁed atmosphere at 37 °C.
Cells were seeded in 96-well plates (100 μL/well) at a density of
5 × 103/well. For dose-dependent cytotoxicity assays, 24 h after seed-
ing, increasing volumes of açai methanolic extracts were added to the
cells, to reach a ﬁnal concentration ranging from 0.2 to 100 mg/mL.
After 48 h incubation, cell viability was assessed by the MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay, as de-
scribed by Monti et al. [36]. Cell survival was expressed as the
percentage of viable cells in the presence of extract compared to that
of control samples. Two groups of cells were used as control, i.e. cells
untreated with the extract and cells supplemented with identical
volumes of DMSO. Each sample was tested in three independent
analyses, each carried out in triplicates.
2.4. Oxidative Stress
To analyze oxidative stress, cells were plated at a density of
4 × 104 cells/cm2. 24 h after seeding, cells were incubated for 2 h in
the presence or absence of 10 mg/mL of açai extract, or equivalent
amount of each isolated fraction, and then irradiated for 10 min with
UV-A light (100 J/cm2) (treatment before injury). In a second group of
experiments, cells were irradiated for 10 min with UV-A (100 J/cm2)
and then incubated for 2 h in the presence or absence of açai extract or
equivalent amount of each isolated fraction (treatment after injury).
2.5. DCFDA Assay
To estimate ROS production, the protocol described in [13] was
followed. Brieﬂy, at the end of incubation, cells were incubated with
2′,7′-dichlorodihydroﬂuorescein diacetate (H2-DCFDA, Sigma-Aldrich).
Fluorescence intensity was measured by a Perkin-Elmer LS50 spectro-
ﬂuorimeter (525 nm emission wavelength, 488 nm excitation wave-
length, 300 nm/min scanning speed, 5 slit width for both excitation and
emission). ROS production was expressed as percentage of DCF
ﬂuorescence intensity of the sample under test, with respect to the
untreated sample. Each value was assessed by three independent
experiments, each with three determinations.
2.6. DTNB Assay
To estimate intracellular glutathione levels, a procedure previously
described was followed [14]. Brieﬂy, at the end of incubation, cells
were detached by trypsin, lysed and protein concentration was deter-
mined by the Bradford assay. Then, 50 μg of proteins were incubated
with 3 mM EDTA, 144 μM 5,5′-dithiobis-2-nitrobenzoic acid (DTNB) in
Fig. 3. Eﬀect of açai extracts on UV-A-induced oxidative stress markers in BALB/3T3
ﬁbroblasts. Cells were incubated with 10 mg/mL açaiextract2h prior to UV-A irradiation
(100 J/cm2) and then cells were incubated for 90 min. Western blots show the
phosphorylation levels of p38 (A),MAPKAPK-2 (B) and HSP-27 (C), with the relative
densitometric analysis in the absence (black bars) or in the presence (grey bars) of açai
extract. GAPDH was used as internal standard. Data shown are the means ± S.D. of three
independent experiments. * indicates p < 0.01; ** indicates p < 0.001.
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30 mM TrisHCl pH 8.2, centrifuged at 14,000g for 5 min at 4 °C and the
absorbance of the supernatant was measured at 412 nm by using a
multiplate reader (Biorad). GSH levels were expressed as the percentage
of TNB absorbance in the sample under test with respect to the
untreated sample. Values are the mean of three independent experi-
ments, each with triplicate determinations.
2.7. Measurement of Lipid Peroxidation
The thiobarbituric acid reactive substances (TBARS) assay was
performed as described by Del Giudice et al. [13]. Brieﬂy, after
irradiation with UV-A, cells were kept for 90 min at 37 °C, then
detached and suspended (5 × 104 cells) in 0.67% thiobarbituric acid
(TBA) and 20% trichloroacetic acid (1:1 v/v). After heating and
centrifugation at 3000g for 5 min at 4 °C, samples were read at
532 nm. Lipid peroxidation levels were expressed as the percentage of
the absorbance at 532 nm of the sample under test, with respect to
untreated cells (100%). Three independent experiments were carried
out, each one with three determinations.
2.8. Western Blot Analyses
Cells were plated at a density of 2 × 104 cells/cm2 in complete
medium for 24 h and then treated as described above (paragraph 2.4).
When açai extract was used before UV-A exposure, cells were incubated
for further 90 min at 37 °C. Alternatively, following the induction of
UV-A stress, cells were treated with the extract for 120 min at 37 °C.
Cell lysates were then analyzed by Western blotting performed as
reported by Galano et al. [37]. Phosphorylation levels of p38, MAP-
KAPK-2 or HSP-27 were detected by using speciﬁc antibodies purchased
from Cell Signal Technology (Danvers, MA, USA). To normalize protein
intensity levels, speciﬁc antibodies against internal standards were
used, i.e. anti-β-actin (Proteintech, Manchester, UK) or anti-GAPDH
(ThermoFisher, Rockford, IL, USA). The chemiluminescence detection
system (SuperSignal® West Pico) was from Thermo Fisher.
2.9. Reverse-phase HPLC Analysis
Methanol/water açai extract (2 g/mL, 1 mL) was fractionated by
reverse-phase HPLC on a Phenomenex Jupiter C18 column
(250 × 2.00 mm 5 μm, 300 Å pore size) (Phenomenex, Torrance,
California, USA) with a linear gradient from 5% to 95% acetonitrile
(Sigma Aldrich,Saint Louis, USA) in 0.1% triﬂuoroacetic acid (TFA)
(Carlo Erba Reagents S.r.l, Milan, Italy) over 40 min, at a ﬂow rate of
200 μL/min; elution was monitored at 278 nm. The eluate was collected
manually in thirteen fractions (1 mL). Fractions were lyophilized and
dissolved in 5% DMSO in PBS, and their content identiﬁed by MALDI-
TOF (AB SCIEX, Milan, Italy) analysis.
2.10. Mass Spectrometry Analyses
Matrix-assisted laser desorption/ionization (MALDI) mass spectro-
metry (MS) experiments were performed on a 5800 MALDI-TOF-TOF
ABSciex equipped with a nitrogen laser (337 nm) (AB SCIEX, Milan,
Italy). Aliquots of açai HPLC fractions (0.5 μL) were mixed (1:1, v/v)
with 2.5 dihydroxybenzoic acid (10 mg/mL) (Sigma-Aldrich, Saint
Louis, USA) in acetonitrile:water (90:10) solution. Calibration was
performed by using AB SCIEX calibration mixture (Monoisotopic (M
+ nH)n+: 904.46 Da des-Arg-Bradykinin, 1296.68 Da Angiotensin I,
1570.67 Da Glu-Fibrinopeptide B, 2093.08 Da ACTH (clip 1–17),
2465.19 Da ACTH (clip 18–39), 3657.92 Da ACTH (clip 7–38)). For
polyphenols identiﬁcation, MS and tandem mass (MSMS) spectra were
acquired using a mass (m/z) range of 100–4000 Da.
2.11. Statistical Analyses
In all the experiments samples were analyzed in triplicate.
Quantitative parameters were expressed as the mean value ± SD.
Signiﬁcance was determined by Student's t-test at a signiﬁcance level of
0.01. Diﬀerences among fractions were determined by using SPSS
(Statistical Package for Social Sciences) Package 6, version 15.0 (SSPS
Inc., Chicago, IL, USA). Signiﬁcance was determined by Duncan's-test at
a signiﬁcance level of 0.05.
Fig. 4. Fractional analysis of açai extract by reverse-phase HPLC. Reverse phase C18 column was used with a linear gradient from 5% to 95% in 0.1% triﬂuoroacetic acid; elution was
monitored at 278 nm. Thirteen fractions were manually collected.
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3. Results
3.1. Antioxidant Compounds Determination
We ﬁrst characterized the methanol/water açai extract by measur-
ing its antioxidant compounds and determining the antioxidant activ-
ity. By colorimetric assays, the total phenol content was estimated to be
192.41 ± 10.78 mg GAE/100 g DW, whereas that of total ﬂavonoids
was found to be 159.67 ± 7.65 mg QE/100g DW. The mean antiox-
idant activity was 2.1 ± 0.17 mmol TE/100 g DW. Data are reported
in Table 1.
3.2. Biocompatibility of Açai Extracts on Fibroblasts
The biocompatibility of the açai extract on BALB/3T3 ﬁbroblasts
was tested by a dose-response test, in a range from 0.2 to 100 mg/mL of
extract. As shown in Fig. 1, cell viability was not aﬀected up to 40 mg/
mL, whereas at the highest concentration tested (100 mg/mL) a 50%
reduction of cell viability was observed. On the basis of these results,
subsequent experiments were carried out at 10 mg/mL of açai extract,
corresponding to a ﬂavonoid content of 0.16 mg QE/mL and to a
phenolic content of 0.19 mg GAE/mL.
3.3. Pretreatment With Açai Extracts Inhibits UV-A-Induced Damage in
BALB/3T3 Fibroblasts
In all the experiments reported below, BALB/3T3 ﬁbroblasts were
pretreated with açai extract for 2 h before the induction of oxidative
stress by UV-A irradiation (100 J/cm2). Immediately after UV-A
irradiation, ROS production was determined by using H2DCF-DA (2,7-
Fig. 5. Analysis of the antioxidant activity of açai fractions. A, Hydrophilic antioxidant activity (mmol TE/kg DW) in fractions evaluated by ABTS test. Data shown are the means ± S.D.
of three independent experiments. Signiﬁcance was determined by Duncan's-test at a signiﬁcance level of 0.05. Values with diﬀerent letters are signiﬁcantly diﬀerent. B, Changes in
intracellular GSH levels of cells before (−) and after (+) UV-A treatment. Cells were incubated with açai extract, or equivalent amount of fractions obtained by HPLC, for 2 h prior to UV-
A irradiation (100 J/cm2). Data shown are the means± S.D. of three independent experiments. Values with diﬀerent letters are signiﬁcantly diﬀerent compared to untreated cells,
indicated by black bars (p < 0.05).
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dichloroﬂuorescin diacetate) (Fig. 2A). As expected, UV-A treatment
signiﬁcantly increased DCF ﬂuorescence intensity, compared to the
non-irradiated samples, whereas açai extract had no eﬀect on ROS
levels. Interestingly, pretreatment of cells with açai extract prior to UV-
A exposure, resulted in the inhibition of ROS production. Moreover,
following UV-A-oxidative stress induction, we found that intracellular
GSH was signiﬁcantly decreased with respect to untreated cells,
whereas no alteration in intracellular GSH levels was observed when
cells were pretreated with açai extract before being irradiated by UV-A
(Fig. 2B). The protective eﬀect of açai extract was conﬁrmed by
analyzing the lipid peroxidation levels after 90 min from irradiation.
Lipid peroxidation level was measured by thiobarbituric acid reactive
substances (TBARS). A signiﬁcant increase in lipid peroxidation levels
after UV-A treatment was observed but, noteworthy, this eﬀect was
abolished when cells were pretreated with açai extract. Again, pre-
treatment of cells with açai extract signiﬁcantly counteracted the
increase of lipid peroxidation (Fig. 2C).
The protective eﬀect of açai extract was further conﬁrmed by
Western blot experiments, in which the phosphorylation levels of p38
and its direct target, MAPKAPK-2, were analyzed (Fig. 3). These
proteins are directly involved in signaling stress pathways induced by
UV-A [38]. When cells were UV-A irradiated, we observed a signiﬁcant
increase in the phosphorylation levels of p38 and MAPKAPK-2, as
expected (Fig. 3A and B, third lane). Instead, although the treatment of
non-irradiated cells with açai extract slightly altered the phosphoryla-
tion level of p38 (Fig. 3A, second lane), when cells were exposed to açai
extract prior to UV-A treatment, the phosphorylation levels of p38 and
MAPKAPK-2 were similar to those observed in non-irradiated cells
(Fig. 3A and B, fourth lane). A similar trend was observed for HSP-27, a
heat shock protein whose phosphorylation is directly related to
oxidative stress [39,40] (Fig. 3C).
3.4. Antioxidant Activity of Açai Fractions
In order to identify which açai compounds were responsible for the
antioxidant activity observed in irradiated ﬁbroblasts, the extract was
fractionated by HPLC on a reverse phase C18 column, from which the
proﬁle shown in Fig. 4 was obtained. 13 HPLC fractions were collected,
as reported in the Figure, and their antioxidant activity was tested in
vitro. The HAA analysis (Fig. 5A) revealed that the highest antioxidant
activity was associated to fractions 7 and 8, for which the HAA mean
values of 4.13 mmol TE/kg DW and 5.85 mmol TE/kg DW, respectively,
were calculated. High antioxidant power was also identiﬁed in fractions
1 and 9, with HAA mean values of 3.92 and 3.49 mmol TE/kg DW,
respectively. Lower values were detected in the other fractions, ranging
from 0.72 mmol TE/kg DW (fraction 13) to 1.89 mmol TE/kg DW
(fraction 10).
Then, we analyzed the intracellular GSH levels in BALB/3T3 cells
pretreated with each HPLC fraction, before and after UV-A treatment.
As shown in Fig. 5B, fractions 7 and 8 were able to contrast the
detrimental eﬀects of UV-A irradiation on GSH depletion, whereas
fraction 9 was less eﬃcient, in agreement with the HAA analysis. By
contrast, fraction 1 did not show any protective eﬀect from oxidative
stress. Western blot experiments conﬁrmed the strong antioxidant
activity of fraction 7 and 8 on UV-A-stressed ﬁbroblasts. In particular,
the increase in p38 and MAPKAPK phosphorylation levels induced by
UV-A irradiation was attenuated when cells were pretreated with açai
fractions 7 and 8, whose eﬀect was found to be slightly, but signiﬁ-
cantly, more pronounced than that of the whole extract (Fig. 6).
Noticeable, a lower decrement in p38 phosphorylation level was
observed when cells were pre-treated with fraction 9.
Fig. 6. Western blot analysis of UV-A-treated BALB/3T3 cells in the presence of HPLC fractions. Cells were incubated with diﬀerent fractions for 2h prior to UV-A (100 J/cm2) irradiation
and then cells were incubated for further 90min at 37 °C. Representative western blots show the phosphorylation levels of p38 (A) and MAPKAPK-2 (B), with the relative densitometric
analysis in the absence (black bars) or in the presence (white bars) of extract. GAPDH was used as internal standard. Data shown are the means ± S.D. of three independent experiments.
* indicates p < 0.01, ** indicates p < 0.001.
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3.5. Malvidin and Cyanidin are Responsible for the Açai Antioxidant
Activity on Immortalized Fibroblasts
HPLC fractions 7 and 8 were submitted to MALDI-MS analysis, as
described in the Material and Method section. The diﬀerent species
detected in the MALDI spectra (Fig. 7A-B) were identiﬁed on the basis
of MSMS MALDI TOTOF analysis and compared with literature data
[41]. Mass spectral identiﬁcation is reported in Table 2. Qualitative and
semi-quantitative diﬀerences can be appreciated in the MALDI spectra
showing the presence of diﬀerent ﬂavonoids in açai fractions. Among
them, malvidin-petunidin-glucoside-epicatechin was found to be the
predominant compound in fraction 7, whereas cyanidin-3-O-(6-O-p-
coumaryl)-monoglucoside was found to be the most abundant species in
fraction 8. DCFDA assay indicated that malvidin and cyanidin enriched
fractions were able to mitigate ROS production as well as the whole
extract (Fig. 8A). However, the TBARS assay (Fig. 8B) revealed that the
activity of malvidin enriched fraction was comparable to that of the
whole extract, whereas cyanidin enriched fraction was lower.
Finally, to evaluate if malvidin and cyanidin derivatives protect
cells after UV-A injury and to avoid any sunscreen eﬀect, ﬁbroblasts
were ﬁrst irradiated by UV-A (100 J/cm2), and afterwards incubated for
2h with either açai extract or its fractions and then ROS, GSH levels and
the phosphorylation levels of p38 were evaluated (Fig. 9). Interestingly,
UV-A induced ROS production was mitigated by the presence of either
açai extract or its active fractions. Furthermore, no alteration in
intracellular GSH levels was measured and a signiﬁcant decrease in
the phosphorylation levels of p38 was also observed.
4. Discussion
Among the most severe environmental injuries to which humans are
exposed, UV-A radiations are known to be the main cause of diﬀerent
Fig. 7. MALDI-MS analysis of selected HPLC fractions from açai extract. The MALDIMS spectra of fractions 7 and 8 are reported in panels A and B, respectively. The attributions are
reported.
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detrimental eﬀects on the skin, such as inﬂammation, premature skin
aging and development of skin cancer [42,43]. In recent years, an
increasing body of research has focused on antioxidants since they are
able to counteract oxidative stress-induced pathological conditions.
However, studies are usually conducted on commercial molecules,
supposed to have antioxidant activity [43–45].
Here, we analyzed hydrophilic extracts from açai berries to evaluate
their dermato-protective properties against UV-A irradiation. Açai is the
name commonly used for the tree Euterpe oleracea Martius, a South
American palm [25,46], whose berry is largely consumed since it shows
several beneﬁcial activities, including anti-inﬂammatory and antiox-
idant properties. These activities are mainly due to açai high content in
polyphenol content, especially anthocyanins and ﬂavones [20–25].
Immortalized ﬁbroblasts, exposed to UV-A radiations, showed
increased levels of intracellular ROS and lipid peroxidation, and
decreased levels of intracellular GSH. Noteworthy, we found that a
pre-treatment of cells with açai extracts clearly inhibited the detri-
mental eﬀect of oxidative stress, since ROS generation, lipid peroxida-
tion, intracellular GSH levels and p38 phosphorylation levels were all
found to be almost unaltered with respect to UV-A unexposed cells. It is
interesting to notice that the açai extract is able to eﬃciently protect
immortalized, non-cancer cells from the deleterious eﬀects of UV-A
irradiation when tested at concentrations compatible with cell viability,
i.e. non associated to any cytotoxicity. Moreover, we demonstrated that
the protective eﬀect of açai extract is not due to a sunscreen eﬀect, as
the extract was able to protect cells also after UV-A induced damage.
Mass spectrometry analyses of HPLC fractionated extract led us to
the identiﬁcation of the main agents responsible for the potent
antioxidant activity of açai extracts on ﬁbroblasts. These are two
ﬂavonoids, cyanidin and malvidin, both endowed with strong antiox-
idant activity, with malvidin the most active.
Cyanidin is considered the widest spread anthocyanin in the plant
kingdom and it is known to be a strong natural antioxidant. Amorini
and colleagues [47] demonstrated that cyanidin-3-glucoside, also
known as kuromanin, has a remarkable antioxidant capacity in the
model of Cu2+-mediated human low density lipoprotein oxidation,
even higher than resveratrol and ascorbic acid and independent from
pH variations (from 4 to 7.4). In addition, it is reported that cyanidin-3-
glucoside may attenuate obesity-associated insulin resistance and
hepatic steatosis in high-fat diet-fed mice via the transcription factor
FoxO1 [48].
Malvidin, normally present at high concentration in red wine and
black rice, and responsible for their color, plays an important role in
protecting plants from UV irradiation [49,50]. Accordingly, it has been
reported that malvidin has antioxidant activity in vitro [51], as well as
in neuronal and in endothelial cells [52,53]. Recently, it has been
demonstrated that malvidin is also able to inhibit aging by attenuating
oxidative stress in human diploid ﬁbroblasts [54]. Moreover, several
authors have shown that malvidin inhibits the growth of diﬀerent
tumor cell lines in vitro or in vivo [55–57].
Polyphenols are known to inhibit free radicals' production by
donating hydrogen atoms, which break oxidation chains and chelate
transition metal ions. Açai polyphenols may upregulate antioxidant
enzymes by activating the Nrf2/Keap1 pathway [58], downregulate the
expression of the pro-inﬂammatory transcription factor NF-kB, which in
turn targets pro-inﬂammatory cytokines, and reduces the accumulation
of intracellular lipids in diﬀerentiated adipocytes by downregulating
the expression of adipogenic genes transcription factors [59]. Addition-
ally, diﬀerent studies performed on healthy women, which consumed
200 g/day of açai pulp for 4 weeks, revealed that some antioxidant
enzymes, i.e. superoxide dismutase, catalase and glutathione, were
increased [59–61].
Our ﬁndings now reveal that açai extract protects BALB/3T3 cells
against UV-A irradiation by neutralizing the negative eﬀects of stress
induced by UV-A, as it interferes with ROS generation and keeps
intracellular GSH and lipid peroxidation close to the normal cellular
levels. This work reveals, for the ﬁrst time, that malvidin present in açai
Table 2
MALDI mass spectral analysis of açai fractions after reverse-phase HPLC. The identiﬁed
species and the relative percentages are reported (G = glucose).
Compound m/z Main M2
fragments m/z
Fraction 7 Fraction 8
Petunidin-3-acetyl 365.10 305, 203 20% 43%
Peonidin-3-O-acetyl
monoglucoside
527.19 467, 365, 203 32% 38%
Cyanidin-3-O-(6-O-P-
coumaryl)-
monoglucoside + Na
617.20 455, 287 10% 100%
Petunidin-3-acetyl
diglucoside
689.23 527, 629 22% 20%
Malvidin-3-acetylglucose-
ethil-catechin/
Petunidin-3-acetil
triglucoside
851.31 791, 689 20% 17%
Petunidin-3-acetyl
tetraglucoside
1013.35 952, 851 20% 14%
Malvidin-petunidin-
glucoside-epicatechin
1097.68 1037, 796,
466, 809
100% 5%
Petunidin-3-acetyl + 5G 1175.42 1115, 1013 16% 8%
Petunidin-3-acetyl + 6G 1337.48 1277,1175 12% 5%
Petunidin-3-acetyl + 7G 1499.54 1439, 1337 8% 3%
Petunidin-3-acetyl + 8G 1661.6 1601, 1499 6% 3%
Petunidin-3-acetyl + 9G 1823.65 1763, 1661 6% 2%
Petunidin-3-acetyl + 10G 1985.71 1925, 1823 4% 1%
Petunidin-3-acetyl + 11G 2147.78 2087, 1985 2% 1%
Fig. 8. ROS production and lipid peroxidation in UV-A-treated BALB/3T3 ﬁbroblasts in the presence of açai fractions. Cells were pre-incubated with açai extract (dark grey bars), fraction
7 (white bars) and fraction 8 (light grey bars) for 2h and then irradiated by UV-A (100 J/cm2). A, intracellular ROS levels; B, lipid peroxidation levels. Values are expressed as fold
increase with respect to control (i.e. untreated) cells. Data shown are the means ± S.D. of three independent experiments. * indicates p < 0.01; ** indicates p < 0.05.
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extract can be considered as a good and safe candidate for dietary
intervention in the prevention of age related diseases, since the use of
anthocyanins as food additives (indicated as “E163”) has been already
approved in the European Union, Australia, and New Zealand [62].
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